During the study period, the average UFW in the specific study areas was 13% of which 81% were real losses (Airwing); 62% with 58% real losses (Malonje); and 51% with 60% real losses (Sadzi). It was concluded that UFW for 2009 Zomba was above 23%, achieved by good performing water utilities in developing countries. Real losses were higher than apparent losses in all three specific study areas and this was driven by pressure. The study recommends real loss reduction through pipe replacement and improved pressure management, and apparent loss reduction through improved metering. Reduction of water losses is imperative in the wake of climate change and the need to attain Sustainable Development Goals.
INTRODUCTION
Non-revenue water (NRW) often constitutes a major problem in water supply systems, resulting in considerable loss in revenues and necessitating excessive production (SIDA ).
Unaccounted for Water (UFW) forms a significant portion of NRW. According to Schwartz () , high levels of NRW indicate inefficiency on the side of a water utility.
Many water utilities in low-income countries, in an effort to improve their performance, often begin with heavy infrastructural investment projects (Mugisha ) . Schwartz () suggests that operation and maintenance of water supply infrastructure in developing countries is poor, and is usually not given adequate attention compared to new construction and system extension. SIDA () suggests that Water Demand Management (WDM) with improvements to the existing water supply systems should be pursued before construction of new and costly systems is undertaken.
With the increasing international trend towards sustainability (Gumbo & van der Zaag ) , economic efficiency and protection of the environment (Savenije & van der Zaag ) , the problem of losses from water supply systems is of major interest world-wide (Lambert & Hirner ) . Both technical and financial aspects are receiving increasing attention, especially during water shortages or periods of rapid development in urban areas. The rapidly growing and urbanised global population and the impacts of climate change which together put greater demand on scarce water resources, dictates the need for management of UFW. Goal 6 of the Sustainable Development Goals targets to ensure access to water and sanitation for all by 2030. There is evidence that climate change and climate variability will have a negative impact on water security as communities will become increasingly water insecure due to water scarcity (Lesolle ) , thereby creating risks to the achievement of Goal 6. The reduction of non-revenue water will contribute towards mitigating the impacts of climate change on water security leading to increased opportunities for achieving the SDG Goal 6.
Most of the utilities in Southern Africa have UFW higher than 20% found in best performing Southern African Urban Utilities (Gumbo ) . In most of these water supply systems, reliable estimates of water loss components are not available (Farley ) . A crude figure of UFW which is reported by many water utilities does not give the water utility adequate information to prioritize and schedule properly the operation, maintenance and management of the system (Kingdom et al. ) . According to Liemberger (), when the magnitude of all components is known it is possible to develop real and apparent loss reduction strategies and set realistic targets. According to Lambert & Hirner () , apparent losses occur as a result of errors in water flow measurement, errors in water accounting and unauthorized usage or theft. They are related to management losses resulting in a shortfall of revenue for water supplied (Farley ) . On the other hand, real losses are categorized as water losses from reported and unreported bursts, background losses, reservoir leakage and overflow, and leakage from valves and pumps (Tabesh & Asadiani Yekta ). Farley () argued that since real losses comprise physical water losses from the water supply system, real losses lead to reduced supply to customers. Breaking down of UFW may assist the water utility to improve knowledge and documentation of the distribution system including problem and risky areas. Considering the crisis of water supply in large cities owing to increases in population, quantifying the UFW in terms of both physical and non-physical losses of water in the network to improve the system efficiency represents an important issue that managers need to consider (Motiee et al. ) . Kingdom et al. () highlight that no proper NRW reduction strategy can be planned without the quantification of physical and apparent (commercial) losses. Thornton () and Mckenzie & Seago () indicate that water loss reduction programs lead to reduced water losses, financial improvement, increased knowledge of the distribution system, more efficient use of existing supplies, capacity to safeguard public health, improved public relations, reduced legal liability, and reduced disruption of supplies to customers. Thus it is critical to partition UFW into its component for improved UFW management.
The Southern Region Water Board (SRWB) supplies water to the City of Zomba and other districts of the southern region of Malawi. The water utility targets to reduce the high UFW, which is currently around 36%, down to 20% by 2020. According to the utility most of the network is old, experiences frequent bursts and is in need of repairs and upgrading. The water shortages in some of the areas in the city are believed to be worsened by excessive water loss or unaccounted for water in the distribution system. Thomson & Koehler () highlight that in order to address the requirements of SDG 6.1, water must be available when needed. Thus water shortages which are worsened by high UFW makes it difficult for most utilities in developing countries, including SRWB, to attain this goal.
It is against this background that a study was carried out in the Zomba City water supply area to quantify UFW and determine the two main components of UFW (real and apparent losses). The study also sought to investigate the main factors affecting these components in order to enhance the proper planning of operation, maintenance and management of the water supply system.
MATERIALS AND METHODS

Study area
This study was carried out in Zomba City in Malawi. Zomba is located in the southern region of Malawi (Figure 1 ). Zomba District receives an annual rainfall of between 600 and 1,500 mm (GoM ). Zomba is the district headquarters, and it is the second largest town in the southern region after Malonje has reported problems of pipe bursts and water shortages (SRWB ) and 40% of the population in this area relies on boreholes, suggesting inadequacy of water supply from the SRWB system. In Sadzi, the reported problems include tank overflows, leakages and stuck meters.
From a socio-economic survey carried out by Stewart Scott International Consulting Engineers, it was found that Malonje and Sadzi had coverage of a piped water supply of 65% (SRWB ). The airwing zone covers an Army institution and some properties surrounding the institution.
Further expansion of service to other properties is possible when available water is increased through improved system management including leakage control. Table 1 presents details of the specific study areas. The three areas generally receive water supply over 24 hours from the reservoirs that feed them, however due to shortages some of the properties in the supply areas do not receive a continuous water supply.
Selection of specific study areas
The study was carried out in the period January-May 2009.
The specific study areas were Airwing, Malonje and Sadzi.
These areas were chosen as they have mostly metered water connections and are also isolated zones supplied by a single tank each. The three specific study areas were also chosen on the basis of their reported problems and that for the entire Zomba City, and water balances carried out to assess UFW and its components as recommended by water network system can be defined as:
where Q p ¼ produced or supplied volume per time; Q c ¼ consumption volume per time; Q L ¼ total water losses volume per time (Non-Revenue Water).
Determination of UFW for specific study areas
Water balances were also carried out in the three selected study areas. This was achieved by measuring the volume of water entering into the zones by data loggers and that consumed within the zones from billed consumption.
UFW for the three specific areas was determined using Equation (1). UFW was determined as the differences between the monthly zone supply (based on bulk meter readings at the tank outlet) and monthly consumption billed for the areas (obtained from the utility billing section).
Interviews with key staff for Zomba Water Supply
Scheme were carried out to investigate or confirm characteristics of the water supply scheme such as age of network, trends of water loss, water bursts, tank overflows; and information on errors on estimation and data acquisition. The staff interviewed included the Zomba scheme manager, distribution engineer, plumber, meter reading supervisor and billing officer.
Partitioning of UFW into real and apparent losses
The UFW was partitioned or divided to determine the real and apparent loss fractions. The overall aim of partitioning was to determine which component of UFW was signifi- Use is based on the fraction of the population that is active (Table 2) .
ENF was used to compute Real Losses (RL) using
Equation (3) as recommended by Mckenzie (). Only
ENF for days that did not have major bursts were used in the computation of RL. Equation (3) converts the daily real loss into monthly real loss assuming an average month of 30 days:
According to Fanner () , to convert the volume of real losses during the MNF period into a daily volume of real losses it is necessary to take into account diurnal variations in system pressure by applying an hour/day factor which is normally less than 24, but this factor depends on the degree of pressure management. In this study an hour/day factor of 22 was used as there was no significant difference between the losses during the hour of MNF and the remainder of the day as recom-
mended by Lambert (). Apparent losses (AL)
were calculated as the difference between UFW and RL (Equation (4)):
Meter inaccuracies
A meter testing bench was used to verify the accuracy of customer meters (Sánchez ). The testing bench was installed in line with the customer meter in the field test. /hr was assumed to represent the non-domestic night use in the army barrack served from one bulk meter. This is above the normal expected water use based on 6% population active. High water usage is common in institutions where service is through a bulk meter and where water bills are covered by the institution and often not even paid for. The 6 m 3 /hr is estimated from observations on the bulk meter readings around the times MNF is expected during the field work. The flow readings during this time were exceptionally high compared to what would be expected for night use of the population in the barrack at 6% population active. We actually observed that households left irrigation hoses running at night and a number of plumbing fittings were leaking. The army barrack also has a great many activities at night including restaurants for staff as it run 24 hours. Irrigation of the landscape for the army compound is also usually 24 hours. Number of households 120 220 1,300
Most of the residential under-registration occurs at low
Estimated population 800 800 6,500
a There were 52 connections in Airwing, one of which is the Airwing (Army) institution bulk
meter. An equivalent of 50 connections has been used for the Airwing institution.
flows (IWA ). Meters were tested at standard rates of 150, 300, 500, 800 and 1,000 L/hr. The results of the meter testing were used to investigate whether there was a significant portion of the meters that were malfunctioning.
A detailed estimation of the contribution of the meter inaccuracies to unaccount for water was not carried out as the sample size of the meters was small. A total of 9, 15 and 22 meters selected at random were tested in Airwing, Malonje and Sadzi respectively.
RESULTS AND DISCUSSION
Trends of UFW in Zomba Unaccounted for water for the specific study areas
The UFW for the three specific study areas are presented in Table 4 . The UFW is presented as a percentage of total water supplied and also as absolute volume of water loss per connection and volume/pipe length to account for local conditions, including size of the system as suggested by 
Partitioning of UFW
The flow pattern for each area is presented in Figures 4-6 while the pressure variation in each zone is presented in Table 5 .
From by bursts for Malonje, thus these days were not used to calculate the average real loss. Table 6 presents the MNFs for the three specific study areas based on Figures 4-6. Real losses were then obtained from Equation (3) and are also presented in Table 6 .
The average real losses for each area were determined from the daily real loss values in Table 6 and are presented in Table 7 . Apparent losses were estimated as the difference between average UFW and real losses according to Equation (4) and are also presented in Table 7 . Table 7 shows that the average real losses ranged from 58 to 81% for the three specific study areas. In all three areas, real losses contributed the greater part of UFW. The This could be due to the fact that the major water user, i.e.
the barrack which accounted for about 50% of the housing units, is metered by a functional bulk meter. As such it is likely that the contribution of apparent losses to water loss due to non-functional individual meters and billing errors was low resulting in a high real loss percent. Airwing also has the oldest network constructed in the 1950s while the other two areas were constructed around 2001.
When real losses (i.e. UFW*Real loss fraction) are computed as a fraction of the total zonal system input volume, real losses contributed to 10% for Airwing, 36%
for Malonje and 31% for Sadzi. It can be seen that Malonje, which had the highest system pressure (40-114 m, Table 5 ), had the highest real loss contribution followed by Sadzi which had the second highest pressure range (32-72 m) while Airwing which had the least pressure had the lowest real loss contribution. Trifunovic In this study real losses contributed the larger component of UFW in all three areas and it appears real losses were being driven by pressure coupled with old age of pipes, especially for Airwing. Apparent losses were higher than figures reported as common in literature, Note: ENF based on Equation (2) and RL based on Equation (3). a The minimum flow occurring between 12:00 and 04:00 am (Farley 2001) .
b Depending on local conditions of pressure variation and management, a factor of 22 was recommended for Zomba City Water Supply (SRWB 2009).
c Either the tank was closed to facilitate repairs, hence there was no record for MNF or MNF was high because of major pipe burst at night. Refer also to Figure 6 .
especially for Malonje and Sadzi. Apparent losses were possibly being driven by meter errors and billing and data handling errors.
CONCLUSIONS AND RECOMMENDATIONS
The following conclusions were drawn from this study:
1. The average unaccounted for water in Zomba was found to be high (27.5%) compared to the World Bank recommended limit of 23% for well performing utilities. The drivers for this high UFW could have been the old age of distribution system and high system pressures in most parts of the city.
2. UFW in the specific study areas varied a great deal and ranged from a minimum of 13% (in Airwing) to a maximum of 62% (in Malonje).
3. Real losses generally contributed the larger part of the UFW in the three specific study areas and this ranged from 58 to 81%. Real losses were among other factors driven by high pressures generally. Apparent losses were higher than commonly assumed levels of 20% in two of the study areas and these were affected by meter inaccuracies.
Recommendations
Given that water supply coverage and access in the study area is below 100%, reduction of water losses is imperative in the wake of climate change and the need to attain Sustainable Development Goals. In order to reduce water losses the utility should consider carrying out the following:
1. Active pressure management including installation of pressure-reducing valves at strategic points should be considered, especially in Malonje.
2. Pipe replacement should be considered in Malonje. A pipe rehabilitation and replacement program for the entire city should be developed targeting areas with an old pipe network.
3. Routine meter error assessment, documentation, repair and replacement are recommended to reduce apparent losses due to meter errors. Priority should be given to the assessment and replacement of bulk meters in the distribution system, as in the one for Airwing.
